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® A Ifght-emltflng diode having a BghHjeneraflng 
layer (30) for generating an electromagnetic ratfation 
by efectrohimtnB&cenoe! a flght-emltflng surface (38. 
40) through which the radiation fa emitted, and a 
Rght-reflecttng layer (16) remote -from the llghttftut' 
ting surface, for reflecting a portion of tfie radiation 
toward the Ught-generatfng layer so that the radiation 
reflected by trra light-reflecting layer is also ernrftad 
tiirough fa nghtemfcdng surface. The Gghtaeflecfing 
layer consists of two or more frtterfarBnce typo re- 
flecflng layers (30, 32, 34) which Includes one or 
more r&ftecting layer eech capable of most effi- 
ciently reflecting a wave whose wavelength te longer 
than the nominal wavelength of the radlaflon* The 
nght-emfttfng efface may have Irregularity (42) for 
Irregularly reflecting the radiation, or an antJ-refleo- 
flon layer (44) formed thereon by deeoeWon 
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UGHT-BWmTWG DIODE having light reflecting layer 



BACKGROUND OF THE INVENTION 

H&tti of the Invention 



The present Invention relates to Improvements 
Tn a (Ight-emfttmg diode having a fight-rote s ti ng s 
(oyer. 

Discussion of the Prior Art 

Ughtamnflng diodes (LED) are widely used for 10 
optica] data communication, and display Of Indica- 
tor devices, for example* Such Hght-emfttlPQ diodes 
are Generally a semiconductor dfode consisting of 
a pn Junction formed on a semiconductor substrate 
by epitaxy, such as liquid phase epitaxy (LPE). An is 
example of this type of Rgrrt-emltting diode la dis- 
closed in laid-open Publication No. 1-200878 of an 
unexamined Japanese Patent Application. This 
light-emitting dtode has a light-generating layer for 
generating an electromagnetic radiation by else- so 
tnolumlnescerce, a light-emmfng surface flirougn 
which the radiation Is emitted externally of the 
diode, and a llghtMrefTecflng layer disposed on on© 
of opposite sides of the llght^p^riarating layer 
which Is remote from the Fght^mmJrig surface. The & 
Bght-i^flectfng layer Is adapted to reflect a portion 
of the radiation generated by the light-generating 
layer, toward the Ifgrrt-emtefrig surface so that the 
radiation reflected by the light-reflecting layer Is 
also emitted through the ifgrtt-emltting surface, for so 
Improving the Eght emitting efficiency of the diode, 
In the nghtentlttfng diode provided with the light* 
reflecting layer as described above, the component 
of the radiation generated by the light-generating 
layer which travels In the direction opposite to the as 
direction from the light-generating layer toward the 
lEght-emlttlng surface Is reflected by the light-re- 
flecting layer, back toward the Bght-gonerallng lay- 
er so that the reflected component Is added to the 
component which {a received by the light-emitting 40 
surface directly from the Bghrf^anerating layer. 
Thus, the light-reflecting layer Improves the Inten- 
sity of the Fight emitted from the IfghK*nlttfng 
surface. Lex, the fight-emitting efficiency of the 
LED. 

"The Ilgrrt-refiectfng layer Incorporated In the 
known Bght-emrtHng diode Is a wave Interference 
type light reflector, which most efficiently reflects a 
wave whose wavelength la the same as a predeter- 
mined nominal wavelength of the reflector. Namely, . so 
waves whose wavelengths are more or tees dif* 
ferent from the nominal wavelength are not effi- 
ciently reflected by me llghHneftectmg layer. Ac* 
ccrdlngly, the conventional lEghHwfleetfng layer 
does not provide an Intended Increase In the Ught- 



emittlrtg efficiency of the tlghternHtftng diode. 

Further, It was found that the provision of the 
ngtrt-reflecting layer on the side of the lighfrgen- 
eraUng layer remote from the light-emitting surface 
to Improve the light emitting efficiency as de- 
scribed above may cause periodic Irregular varf 
aUone In tine relative spectral Intensity of the light 
emitted from the Hght-emfttlng surface, as Indicated 
In Pfg. 7, which prevents the practical use of the 
diode provided with the nghMeff acting layer. 

SUMMARY OF THE INVENTION 

It Is therefore a first object of the present 
Invention to provide a llgfrt-emltffng diode which 
has a I)ght-ref[sc6ng layer and which assures a 
sufficiently high degree of nght emitting efficiency. 

A second object of the Invention is to provide a 
fight-emitting diode which has a Ight^eftecttng lay- 
er and which emfte a smooth spectrum of radiation. 

The first object may be achieved according to 
one aspect of the present invention, which provides 
a Ilgh^amltflng" diode comprising a lighfr^eneretlnfl 
layer for generating an elecfromegrietiG radiation by 
electroluminescence, a fight-emitting surface 
through which the radiation Is emitted externally of 
the diode, and a Bgrit-reftecting layer disposed on 
one of opposite sides of the llghfrgeneraftig layer 
which Is remote from the llght-emfttfng surface, the 
light-reflecting layer reflecting a portion of the radi- 
ation toward the fight-generating layer so that the 
radiation reflected by the light-reflecting layer Is 
also emitted through the Hghtemitting surface, the 
present flgh^em/tUng diode Is charaawfeed in mat 
the ligrrVreffecting layer consists of a plurality of 
wave- interference type reflecting layers which in- 
cludes at least one reflecting layer each of which Is 
capable of most efficiently refecting a wave whose 
wavelength Is longer than a nominal wavelength of 
the electromagnetic radiation generated by the 
light-generating layer. 

The light-emitting diode of the present Inven- 
tion constructed as described above was devel- 
oped based on findings as e result of an extensive 
study by flra inventors that the conventional light- 
reflecting layer cannot sufficiently efficiently reflect 
waves which are Incident thereupon In directions 
which are Inctfned with respect to the Incident 
surface, and that the light emitting efficiency of the 
Bghtemlttfng diode would be Improved & the Bght- 
reflecting layer could efficiently reflect the waves 
Incident In the Inclined directions, as wen as the 
orthogonally incident wave. 

In the present light-emitting diode constructed 
as described above, the wave or waves having a 
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longer wavelength or wavelengths than the nominal 
wavelength of the radiation generated by the Ugh*- 
generating layer can be reflected by at least one of 
the wave Interference type reflecting layers dis- 
posed on one side of the Bght-goneraflng layer 
remote from the llght^emitting surface, whereby the 
wave or waves obliquely fncJdem upon the Oght- 
reflecting layer can be efficiently reflected toward 
the ifgH^ge iterating layer and nght*emftting surface, 
with a result of considerably Improving (he overall 
iiQnt eniiijung eiucjency or me aioae. 

The eeoond object of the Invention may be 
achieved according to another aspect of the 
present invention* which provides a llytit-emlttfng 
diode comprising a Qght-generating layer for gen- 
erating an electromagnetic radiation by elec- 
troluminescence, a light-emtttirrg surface through 
which the radiation la emitted externally of the 
dooe, and a nghwenecting layer deposed on one 
of opposite aides of the light-generating layer 
which la reroute from the llghfremftting surface, the 
Ogh^reffectlng layer reflecting a portion of the radi- 
ation toward tie light-generating layer so that the 
radial Ion reflected by the Ughtaaffodlng layer Is 
also emitted through the llghtofnttttng surface* the 
present light-emitting diode being characterised in 
that the light-emitting surface has ant-reflection 
means for preventing the electromagnetic radiation 
from being reflected from the Bghfremitting surface 
toward the light-reflecting layer. 

The ilghtomtttlng diode constructed as de- 
scribed above according to the second aspect of 
the invention was developed on findings as a result 
of an extensive study by the inventors on the 
known light-emitting diode, that a portion of the 
ratiation which la generated by the Igm^generaung 
layer and Incident upon the lfght*emJiflng surface 
is inevitably reflected by the tJght-emittJng surface 
and received and reflected by fte IghUeftectfng 
layer, and the reflected radiation Is against Incident 
upon the light-emitting surface and reflected toward 
the light-reflecting layer, whereby the radiation un- 
dergoes resonance between the flght-emfttlng sur- 
face and the Bgto-reflecting layer, which results In 
Increasing the intensity of waves having certain 
wavelengths while decreasing the Intensity of 
wavelengths between the wavelengths of (he Inten- 
sified waves, and that tire light emitted from the 
light-emitting surface suffers 'from periodic irregular 
variations or changes In the spectral Intensfty, as 
mdfcatod in Rg. 7. 

In the light-emitting diode constructed accord- 
ing to the second aspect of the invention, the aml- 
Teftaction means provided functions to prevent the 
radiation incident upon the light-emitting surface 
from being reflected by the light-emitting surface 
toward the Unreflecting layer, thereby avoiding 
the conventionally oxoenenced resonance of the 



Qght between the Hght*Bmlt£fng surface and the 
Bght-mflocting surface. Consequently, the present 
tfght-emitting diode Is free of periodic Irregular vari- 
ations in the spectral intensity of the light emitted 

s from the Ilghtemlttng surface, and Is capable of 
emitting light having a smooth spectrum. 

The anti-reflection means may be Irregularity 
consisting of minute projections and depressions 
formed on the tight-emitting surface, far irregularly 

to reflecting the radiation. Alternatively, the anti-refrac- 
tion means may be an anti-reflection layer formed 
of a titanium oxide, lor example, by vapor deposi- 
tion on the tight-emitting surface. 

7B BRIEF DESCRIPTION OP THE DRAWNGS 

The above and other objects, features and ad- 
vantages of the present Invention will be better 
understood by reading the following detailed de- 
cs acrfpflon of presently preferred embedments of the 
Invention, when oonsidfered In connection with the 
accompanying drawings. In which: 

Rg. 1 Is a perspective view of one embodiment 

of a tight-emitting diode of the present Invention: 
& Rg. 2 Is an efevational view In cross section of 

the Rghtemlfflng diode of Rg. 1: 

Rg. 3 Is an enlarged cross sectional view of a 

lighweflecttng layer of the diode of Rg, 1; 

Rg. 4 is an efevational view In cross section 
so corresponding to that of Rg. 2. showing another 

embodiment of the invention; 

Rg. a is an enlarged 'view of a nghfremtttlng 

surface of the light-emitting diode of Rg. 4; 

Rg. 6 Is a graph Indicating a relative spectral 
as fntensfty'of the Tight emitted by the dtoda of 

Rge.4end 5; 

Rg. 7 9a a graph indicating a relative spectral 
intensity of the light emitted by the known ngtfr 
emitting diode; and 
ao Rg. Is a view corresponding to that of Rg. 5, 
showing a further embodiment of the Invention 
aftem stive to the arrangement of Rg. 5, 

DETAILED DESCRIPTION OF THE f»REFOWED 
4$ EMBODIMENTS 

Referring to the perspective and elevafionai 
views of Rgs. 1 and 2, reference numeral 10 de- 
notes a planar emission type light-emitting diode 

so having a double-heterodyne structure. The light* 
emfttfng diode 10 has an n-typa QeAs single cry- 
stal substrata 12 , an n*4ypo Qa^ hAIo** «As 
buffer layer 14 grown on the substrate 12, a light* 
reflecting layer 18 grown on the buffer layer 14, an 

55 n-type Cta mAltj «as dad layer is grown on the 
lEght-reflectirtg layer 18, a p-type GaAs light-gen- 
erating layer 20 grown on the clad layer 18, a re- 
type GSo raAIn <*As clad layer 22 grown on the 



PAGE 8/32 * RCVD AT 7/22/2004 2:19:45 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/4 * DNIS:8729306 * CSID:4083820481 * DURATION (mm-ss):1 3-00 



07/22/2004 11:23 4083820481 



PATENT LAW GROUP LLP 



PAGE 09/32 



B BP 0 430 041 A1 8 



light-generating layer 20, and a p*-type QaAs con- 
tact layer 24 grown on the clad layer 22. The 
layers 14, 16. 18, 20, 22 have thicknesses on me 
order erf 0,Q1um to several u,m. On the surface of 
the n-typo semiconductor substrate 12 remote from 
the buffer layer 14, there fo formed an n-type Au- 
Qe ohmte electrode 29. The contact layer 24 hey a 
RflrrrremHting surface 35 on write* Is formed a r> 
type Au-Zn ohmlc electrode 28. 

The buffer layer 14, ifgrn-reHecflng layer 1$ re- 
type dad layer 18, Ifghtygenerating layer 20, retype 
dad layer 22 and contact layer 28 are BequerrtteRy 
grown each as a single crystal on the substrata 12 
Tn tfie order of description, by metal organic cheroh 
cal vapor deposition (MOCVD), molecular beam 
epitaxy (MBE) or vapor phase epitaxy (VP 6), for 
example* 

The llghfrreffecting layer 18 consists of tnree 
wave interference type reflecting layers 30, 32, 34 
capable of reflecting wave* of respective 
wavelength bands. The ffrat reflecting layer 30 
most remote from the substrate 12 consists of a 
superfatted consisting of fourteen firms of GaAs 
each having a thickness of 82nm. and fourteen 
films of Alo <fBQa<) as** each having a thickness of 
88nm. The fourteen GaAs films and the fourteen 
AfajsGao 55 As films are alternately superposed on 
each other to form the euperlattfce 3a which Is 
adapted to be capable of most efficiently reflecting 
a wave having a wavelength of 895nm which is 
orthogonally incident upon the light-reflecting layer 
18. The second reflecting layer 32 on which the 
first reflecting layer 30 Is grown consists of a 
superfatSce consisting of seven films of QaAs each 
having a tfilckness of 60nm, and seven films of 
Alo^GaossAs seen having a thickness of B5wn. 
The seven QaAs films and the seven Alp 4sCteu nsAs 
films are alternately superposed on each other to 
form the superlatfice 32, which Is adapted to be 
capable of most efficiently reflecting a wave having 
a wavelength of oeOrrm which Is orthogonarry In- 
cident upon the Hght-rtftectthg layer 18. The third 
reflecting layer 34 which Is grown on the buffer 
layer 14 and nearest to the substrate 12 consists of 
a supertaxes consisting of twelve films of QaAs 
Bach having a thlcfcnese of 67hnru and twelve films 
of Ala jbQso «As each having a thickness of 74nrrv 
The twelve QaAs films and the twelve 
Al 0 ,«Gao hbAs films are attemately superposed on 
each other to form the superiattfoe 34 which Is 
adapted to be capable of most efficiently reflecting 
a wave having a wavelength of 988nm which Is 
orthogonally Incident upon the IJghHeftectrng layer 
18. 

The QaAs film* and the Al„ *Qao c&As films of 
fhe llghweijectfng layer 18 are alternately termed 
by alternately using respective material gases 
through a suitably controlled switch valve, while 



maintaining the substrate 12 and tfie buffer layer 
14 at 350' C wfthln a processing chamber. The 
desired thicknesses of the Individual GaAs and 
Al 0 4eGao <»Aa films can be obtained by centrolflng 

s the time durations for which the material oases are 
Introduced Into the chamber. More specifically, the 
Qsas Alms may be formed, for example, with flow 
rates of a TMQ gas, a 10% dilution AsH* gas and a 
10ppm dilution rfeSe gas set at 25 x 10"* 

10 mole/mlru 510cc/mla r and 28£cc/min, a respective- 
ly. In this contrition, the time of supply of the 
material gases Is suitably determined to obtain the 
desired thickness of each QaAs film. On the other 
hand, the Alo 436*0 w As films may be formed, for 

i$ example, wtih flow rates of the TMQ gas, a TMA 
gaa, the 10% dilution AsHa gas and the lOppm 
cfllLrtJon H a Se gas set at 22 x 10 -* mole /mln.. 7-8 
x 10 mole/mln.. 511cc/mln M and 2a3ccAnIa, 
respectively. In thte condition, the time of supply of 

20 the material gases Is suitably determined to obtain 
the desired thickness of each Alo«Qa fl5 sAa fflm. 
Between the supply period of the material gases 
for the Qsas films and the supply period the ma- 
terial gases for the AI 0 «G*)kAs films, an AsHa 

as gas Is supplied to replace the residual atmosphere 
fn the chamber for 10 seconds. 

In operation of the present light-emitting diode 
10 constructed as described above, a drive current 
is applied between the ohmte electrodes 20* 28, 

so whereby a non-coherent etecrrcmagrtetic natation 
having a nominal wavelength of 830nm Is gen- 
erated by the Bght^eneretirtg layer 20. A compo" 
nent of the radiation generated by the light-genera** 
rng layer 20 Is Incident upon the contact foyer 24 

dff having the light-emitting surface 38 r and the In- 
cident component Is emitted from toe Hgtrt-emftdng 
surface 3B, externally of the dlocfe 10. At the same 
time, a component of the generated radiation is 
directed toward the subsirate 12 and Is Incident 

40 upon the llght-reftecBng layer 18. whereby that 
component Is reflected by the Oght-reffacting layer 
16 toward the Ifcrrfrgenerating layer 20, transmitted 
through the layer 20 and finally emitted through the 
llghtemhting surface 38. The component Incident 

4s upon me light-reflecting layer 18 Includes waves 
whose direction of propagation Is Inclined wfth re- 
spect to the plane of the right^efrecting layer 16, as 
well as a wave whose direction of propagation Is 
perpendicular or orthogonal or almost perpendfeu- 

so tar or orthogonal to the plans of the layer 1 8. Since 
the light-reflecting layer 18 Includes the first and 
third reflecting layers 30, 34 capable of most effi- 
ciency reflecting the waves whose wavelengths ere 
longer than the nominal wavelength of 88Crrm of 

ss the radiation generated by the nghfrgeneraHng lay- 
er 20, the waves which am obliquely Incident upon 
the BghVrefleotlng layer 16 can steo be efficiently 
reflected by the layer 18 (by the 1frst and third 
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reflecting layers 30, 34). Further, a wave whose 
wavelength Is shorter than the nominal wavelength 
of eaonm can be reflected by the second reflecting 
layer 32. which most efficiently reflect the wave 
whose wavelength Is 880nm. Accordingly, the light 
emitting efficiency of Vie present light-emitting di- 
ode 10 Is Increased by severe! tens of percent aa 
compared with that of the conventional flght-emto- 
tfng diode wherein the wave Interference type Rght- 
reflBCttng layer officio ntty reflects only the compo- 
nent of the generated rod lection which is Incident 
thereupon In the direction perpendicular to Its 
plane* 

Further, the pnasent tlght-emlttlng diode 10 can 
be easily produced at a comparatively low coat, by 
sequentially or successively growing by epitaxy the 
constituent layers (buffer layer 14, BghKeflectfng 
layer ifi, rrtyee dad layer 1a, light-generating lay- 
er 20, p-type clad layer 22 and contact layer 24), 
while the substrate 12 Is held placed In the pro- 
cessing chamber. The epHarial growth of the con- 
stituent layers on the substrata 12 may be suitably 
effected! for example, by MOCVD {metal organic 
chemical vapor deposition), MBE (molecular beam 
epitaxy) or VPE (vapor phase epitaxy). For easy, 
uniform formation of the GaAs/AlG&fts superlatflces 
with accurately oorttrooed thicknesses, the MOCVD 
process la particularly recommended. 

The GeAs/AIGeAs supertattJcea 30, 32, 34 of 
the llght-reflecting layer 10 do not suffer from lat- 
tice mismatch with respect to the n<4ype QaAs 
substrate 12 and the n-rype Grq kAI 0 45X5 buffer 
layer 14. 

While the third reflecting layer 34 formed on 
the buffer layer Hand the second and first reflect- 
ing layers 32, 30 am formed on the third end 
second reflecting layers 34> 32, respectively, the 
positions of these reflecting layers 30, 32, 34 with 
respect to each other are not limited to those tn the 
illustrated embodiment 

Referring ne*t to Rgs. 4. and a, another em- 
bodiment of the Invention win be described. In the 
Interest of brevity and simplification, the same ref- 
erence numerals as used in the first embodiment 
wffl be used in Figs* 4 and 5 to Identify the cor- 
responding components, and no redundant de- 
scription of these c om p one nts wf II be provided. 

A light-emfttlng diode according to frds second 
embodiment Is indicated at 37 In Rg. 4. TTib Rght- 
emhting diode 37 la Identical wKh the light-em fflj rig 
diode 10 of the first embodiment except for a light* 
reflecting layer 9a and a llghf-emrffing surface 40 
provided by the p*-type QaAs contact layer 24, 
More specifically, the lIp^Neflectlng layer 38 fe a 
wave interference type reflector provided by a 
suportajflce consisting of ten GaA$ flans and ton 
A1 Q «Qap qhAb trims which have thicknesses on the 
order of Terra of urn and which am alternately 



superposed on each other. These films are formed 
In the same manner as described above with re- 
spect to the IJgfrfcreflectfng layer 18 of the first 
embodiment The supetlatifce of the ilghKeflectfng 

a layer 38 Is adapted to most efficiently reflect the 
wave whose wavelength is the same as the nomi- 
nal wavelength of 880nm of the radiation generated 
by the Bght-gert orating layer 2o_ 

The contact layer 24 provides a flght-emtttfng 

re layer 40 from which the radiation generated by the 
^regenerating layer 20 Is omitted externally of the 
diode 37. As shown fn enlargement In Hg> 5, the 
Rght-emitUng surface 40 has Irregularity consisting 
of minute projections and depressions as Indicated 

re at 42. The Irregularity 42 functions to Irregularly 
reflect the Incident radiation, thereby preventing the 
radiation from being reflected from the Bgbt-ernft- 
tfng surface 40 toward the nghtstftectfng layer 38. 
The irregularity 42 may be formed by Immersing 

so the contact layer 42 (Bght-emftflng surface 40) fn an 
etching solution, tor five minutes at the ambient 
tempecsfutiBa for example. The etching solution 
may consist of 3 parts by volume of HaPO*, 1 part 
by volume of HaOz and 21 parts by volume of 

2S HaO. 

As fn the fret embodiment, a portion of the 
radiation generated by the Ught-g era rating layer 20 
la directly Incident upon the contact layer 24> while 
a portion of the generated radiation Is reflected by 
so the Pghl-reflecSng layer 38 and Is Incident upon the 
contact layer 24 through the ^-generating layer 
20. The gene rated radiation Is thus emitted through 
the BghNemltttng surface 40, In the known right*- 
emitting diode, a component of the radiation In- 
ob cfdent upon the Itgfit-emRflng surface tends to be 
reflected by the UghfremRflng surface toward the 
light-reflecting layer, bi the present Kgffremitfng 
diode 37, however, the minute projections and de- 
pressions of the irregularity 42 formed on the light- 
er) emitting surface 40 function to prevent or minimize 
the amount of the radiation whtfch Is reflected by 
the flghfremlttfng surface 40 toward the JlghWeftect* 
Ing layer 38, thereby avoiding or minimizing the 
optical resonance light between Ihe Bgrrt-emHHng 
4$ surface 40 and the light-reflecting layer 38. Accord- 
ingly, the present ffght-amrfflng cPode 37 Is capable 
of emitting a radiation having a smooth spectrum, 
wherein the Intensity of the emftted light Is the 
highest at the wavelength of eaonm, nominal 
fie wavelength of the radiation generated by the light- 
generating layer 20. Namely, the relative spectral 
Intensity Of the emitted right smoothly or gradually 
decreases as the wavelength decreases and h> 
crsaaee from the nominal wavelength of 88Qnm> 
£5 This Is compared with a spectrum of Fig. 7 of the 
Ogrrt emitted from the known diode in which the 
Ilgrrhemitting surface does not have Irregularity as 
provided In the present diode 37. 
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Referring to Fig. B, there will bo described a 
further embodiment of the present Invention, which 
is aftematfva to the embodiment of Fig, 5 In which 
ft© irregularity 42 Is provided on fte fl^emftttng 
surface 40. 

b) this m o oTPed light-emitting diode indicated at 
43 in Fig. 8, an anti-reflection layer 44 Is formed on 
tfie tight-emitting surface 40 provfcted by the con- 
tact; layer 24 This anti-reflection layer 44> which la 
eubetftuW for the Irregularity 42 In tfte preceding 
embodiment, Is a wove Interference type reflector. 
Thfa reflector may be formed, for example, by 
vapor deposition or anodlzetfon (anodic oxidation) 
wimJr* * vacuum processing chamber, using a pel- 
let of titanium dioxide (no 2 : tftarta), moon ctodde 
(SlOa sIBca) or SbN*. The anti-reflection layer 44 
may have a thickness of about 110nm. Like the 
Irregularity 42, this antl-reflactfon layer 44 is also 
effective to prevent or minimize the amount of the 
light reflected from the llgm-emitflng layer 40 to- 
ward the llpjifrreflectfng layer 38, thereby avoiding 
the optical resonance between the figJrthsrnHtfng 
surface 40 and the light-reflecting layer 38, and 
assuring a smooth spectrum of the externally emit- 
ted light as Indicated In the graph of Bg* 6. 

While the present invention has been de* 
scribed In the presently preferred embodiments 
with a certain degree of particularity, for illustrative 
purpose only. It to to be understood that the inven- 
tion te not limited to the details of the fRustrated 
embodiments, and may be embodied wtth various 
changes, modifications and Improvements. 

For Instance, the HghHieflecting layer 38 used 
rn the diodes 37, 43 of the second and third em- 
bodiments of Rgs. 4, 5 and 8 may be replaced by 
a tight-reflecting layer which consists of two or 
more euperlattfces, such as the Bghfrreflecttng lay- 
er 19 In the first embodiment 

While the illustrated nghtemhtfng diodes 10, 
37, 43 have a GaAa/AsGaAs double-heterodyne 
structure, other compound semiconductors such as 
OaP, InP and InQaAsP may ba utilized to constitute 
a doubk>+Teterodyne structure. Further, the diode 
may have a sinpje-hotsrodyne or homcdyne struc- 
ture. 

The nghHeffecting layer 10 F 38 used fn the 
(Dustatsd embodiments use a GaAa/AIQeAs super- 
visee or supertettices, the flgm>reflecfing layer 
may be formed of other semiconductor materials, 
which ere selected with the refractive Index taken 
Into consideration. For Instance, the Ifpjibreflecting 
layer may be a supedattfee or superfattices of 
GaAa/AIAs, Gto,.«W*A5/GaiyUyAs or QaAIAs/AlAs. 

In the Illustrated embodiments, the llgh*gen- 
eratlng layer 20 and the tight-reflecting layer 16, 38 
ere formed parallel to each other. However, the 
Nght-generetfng end light-reflecting layers need not 
be parallel to each other. Further, the Itghtgeneret- 



Jng layer may have a smaller surface area than the 
other layers. 

It is to be understood that the present Invention 
may be embodied with various other changes, 
s modifications and Improvements, which may occur 
to those skilled In the art without departing from 
the apfrtt end scope of the Invention defined In the 
following claims. 

A nghthemftting diode having a light-generating !ay- 

7s er (20) for generating an electromagnetic radiation 
by electrolumlneecence. a Bght-omftiJrrg surface 
(SO, 40) through which the radiation Is emitted, and 
a light-reflecting layer (16> remote from the Pgfrt- 
emlfting surface, for reflecting a portion of the 

76 radiation toward the tlgh^enerating layer so that 
the radiation reflected by the light-reflecting layer Is 
eJso emitted through the Bghfremftflng surface. The 
Hghfrreflectlng layer consists of two or more Inter- 
ference type reflecting layers (30, 32. 34) which 

SO Includes one or more reflecting layer each capable 
of most efficiently reflecting s wave whose 
wavelength Is longer than the nominal wavelength 
of the radiation. The nghfremltting surface may 
have Irregularity (42) for Irregularly reflecting the 

sa radiation, or an anti-reflection layer (44) formed 
thereon by deposition. 



Claim* 

90 

1. A light-emitting diode comprising a BgmVgener^ 
Ing layer for generating an electromagnetic raoV 
ation by electroluminescence, a figrfremitting sur- 
face through which said radiation Is emitted exter* 

4S naity of the diode* and a light-reflecting layer dis- 
posed on one of opposite sides of said Hghfrgen-' 
orating layer which Is remote from said UgmVemft- 
Hng surface, said tigm-rellecting layer reflecting a 
portion of said radiation toward seJd Ifght-generat- 

40 Ing layer so mat the radiation reflected by said 
light-reflecting layer Is also emitted through ssjd 
light-emitting surface, characterized in mat: 
said flghtreftecting layer (18) consists of a pfuretity 
of wave interference type reflecting layers (30, 32, 

<tfi 34) which Includes at least one reflecting, layer (30, 
34) each capable of most efficiently reflecting a 
wave whose wavelength Is longer than a nominal 
wavelength of said electromagnetic radiation gen- 
erated by said tight-generating layer. 

so 2. A light-emitting diode according to cleJm 1, 
wherein each of said plurality of wave Interference 
type reflecting layers (30, 32, 34) consists Of a 
suporiattice consisting of a plurality of compound 
semiconductor films which are superposed on each 

55 other and each of which .has a thickness on the 
order of tens of nanometers. 
3. A light-emitting diode according to claim 2, 
wherein said supertaxes (30, 32, 34) consists of a 
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GaAe-AJGaAs supertattlce- 
4. A Hpjrt-emlttlng diode according to any one of 
claims 1-3, wherein said Rgrtf-gBneratfrtQ layer (20) 
generates an electromagnetic radiation having a 
nominal wavelength of B80nm. said at leaat one s 
reflecting layer (30, 34) Sndudlng a layer (30} ca- 
pable of most efficiently reflecting a wave having a 
nominal wavelength of BBSnm, 
s. A Igto-emmtng diode according to any one of 
claims 1-3, wherein eald Bght-generating layer (20) to 
generates an electromagnetic radiation having a 
nominal wavelength of seonm, said at least one 
reflecting layer (30, 34) including a layer (34) ca- 
pable of moat efficiently reflecting a wave having a 
nominal wavelength of 988rtm. is 

6. A fight-emitting diode according to any one of 
claims 1-5, wherein eald plurality of wave Interfer- 
ence type reflecting layers (30. 32, 34) consist of a 
first reflecting layer (30) capable of most efficiently 
reflecting a wave whose wavelength te longer than 20 
saw nominal wavelength of said electromagnetic 
radiation, a second reflecting layer (32) capable of 
most efficiently reflecting a wave whose 
wavelength is shorter than said nominal wavelength 

of said electromagnetic radiation, and a third re- ss 
fleeting layer (34) capable of most efficiently re- 
flecting a wave whose wavelength Is longer than 
said wavelength of the wave reflected by said first 
reflecting layer. 

7. A Rghfcemftting diode according to claim 6, ao 
wherein said tght-generatlng layer (20) generates 

an electromagnetic radiation having a nominal 
wavelength of 880nm, said first, second and third 
reflecting layer (30) being capable of most effi- 
ciently reflecting having nominal wavelengths of ac 
8B5nra BSOnm and 988nm, respectively. 

8. A tight-emitting diode according to claim 7, 
wherein said first reflecting layer (30) constats of a 
superlatdoe consisting of fourteen GsAs Alms each 
having a thickness of B2nm, and fourteen 40 
Al 0 «Ga 0 wAe Alms each having a thickness of 
efinm, saM fourteen GaAs films and eald fourteen 
AI D 4sG&d8&As films being alternately superposed 

on each other, said second reflecting layer (32) 
constating of a supertattice consisting of seven 46 
GaAs films each having a thickness of GOnm, and 
seven Afo «Gao k*As films each having a thickness 
of esrrrn, said seven GaAs films and said seven 
AltnaGSo^As fl| m s being alternator/ superposed 
on each other, said third reflecting layer (34) con- so 
sfsfing of a superiattfee consisting of twelve GaAs 
films each having a thickness of a7nm. and twelve 
Alo «Oao esAc fflme each having a thickness of 
74nm. said twelve GaAs films and said twelve 
Ajp^QaoroAa films being alternately superposed s$ 
on each other. 

8« A light-emitting diode according to claim 3, fer- 
ther comprising an n-type GaAs single crystal sub- 



strate (12), an n-type Gai^, ^A^ 4bAb buffer layer 
(14) which Is grown on said substrate and on which 
said OaASnAtGaAs aupeHafllcs- of said light-reflect* 
tag layer (10) le grown, an n-type GtooaAio«As 
dad layer (IB) which la grown on aald OaAs- 
AIGeAa supanattice and on which sard IJghfrgen- 
eraflng layer (20} la grown, a p type GaQosAto^As 
dad layer (22) grown on said light-generating layer, 
and a p*-type GaAs contact layer (24) which is 
grown on said p-typo Gao ssAJq«As layer and 
which has said IlghfremlWno surface (38), said 
Bght-generaflng layer being a p-type GaAs layer. 
10. A Ilgrrt-emfttfng cflode according fo any one of 
claims 1-0, wherein said Dghfremfffing surface (40) 
has anti-reflection means (42, 44) for preventing 
aaW electromagnetic radiation from being reflated 
from said IfgJhVemlttfng surface (40) toward eald 
Dght-reflectlng layer (10). 

It, A tightemlttlng diode according to daim 10. 
wherein said anti-reflection means consists of an 
irregularity (42) consisting of minute projections 
and depressions formed on said UghfremftDng sur- 
face (40), said minute Irregularity Irregularly reflect- 
ing aald electromagnetic radiation reflected .toward 
said light-reflecting layer. 

12* A ilgrrtamlttlng dtato according to claim 11, 
wherein said irregularity (42) Is formed by etching 
said ngffi-emrttfng surface (40), 

13. A Ught-emlttlng cflode according to claim 10, 
wherein ssW enn-rarflection means consists of an 
anti-reflection layer (44) formed by vapor deposi- 
tion of titanium oxide on said 6gfn>emttnng surface 
(40). 

14. A flght-emitllng diode comprising a light-gen- 
erating layer for generating an electromagnetic ra- 
diation by electroluminescence, a fight-emitting sur- 
face through which said radiation Is emitted exter- 
nally of the diode, and a ligh^ref (acting layer dis- 
posed on one of opposite sides of said light-gen- 
erating layer which la remote from said light-emit- 
ting surface, $efd light-reflecting layer reflecting a 
portion of said radiation toward said light-generat- 
ing layer so that the raoTabon reflected by said 
Jlgjrt-raflectfng layer ts also emitted through said 
IlgrnVemittihg surface, characterized tn that: 

said light-omitting layer (40) has anti-reflection 
means (42, 44) tor preventing aald electromagnetic 
radiation from being reflected from said ltgh*emh> 
ting surface (40) toward eald light- reflecting layer 
(16). 

15* A Bghtemltttng diode according to claim 14. 
wherein said anti-reflection means consists of an 
irregularity (42) consisting of minute projections 
and depressions formed on said Kghtomittfng sur- 
face (40), aald Irregularity irregularly reflecting said 
electromagnetic radiation reflected toward said 
light-reflecting layer. 

16. A ilght-emtflfng diode according to daim 16, 



PAGE 12/32 ' RCVDAT 7122/2004 2:19:45 PM [Eastern Daylight Time]* SVR:USPT0-EFXRF-1/4 1 DNIS:8729306* CSID:4083820481 * DURATION (mm-ss): 13-00 



07/22/2004 11:23 4083820481 



PATENT LAW GROUP LLP 



PAGE 13/32 



13 BP 0 430 041 A1 14 



wherein said Irregularity (42) la formed lt>y etching 
said [Igrft-emrfflng surface (40). 

17. A tTgrrtemttting diode according to claim 14, 
wherein safd anti-re flection means consists of an 
antf-reflectton layer (44) formed by vapor depone 5 
lion of titanium oxide on said Ifght-emrtiing layer 
(40). 

18, A Hgtrtemfttfng diode according to any one of 
Claims 14-17, wherein said npJiHeflecflng layer (3B) 
consists of a eupertafUce consisting of a plurality of to 
compound semiconductor films which are super- 
posed on each other and each of which has a 
thickness on the order of tone of nanometers. 

id. A tlght-emming diode according to claim is, 
whereto said superlattlce consists of a GaAs-At- ts 
QaAs eupertstflce. 

20. A Rghternfttirig diode according to any one of 
claims 14*10, wherein said Bgrn>generatlng layer 
(20) generates an etectromagneflc radiation having 

a nominal wavelength of BBOnm* said llght-*$f|ect» zo 
tag layer (16) being capable of moat efficiently 
reflecting a wave having a nominal wavelength of 
BQQnm* 

21. A Bghtomfttlng diode according to any one of 
claims 14*20, further comprfef ng an retype QaAs re 
single crystal substrate [\Z) 9 en n-type 
QaiMj e5Afcn.o 4«Ae buffer layer (14) which Is grown 

on saw substrate and on which said Hgtiweflecting 
tayer (ia> Ea grown, an n-type Qon ggAIo 4&As clad 
layer (18) which te grown on said IpJ* reflecting $0 
layer and on which saM Hghfrgeneratfng layer (220) 
Is grown, a p-type GsoosAIq^As clad layer <?2) 
grown on said Bght^eneratlng layer, and a p*-type 
QaAe contact layer (24) which Is grown on said p- 
typa G^qssAIq «Ae layer end which has said light- so 
emitting surface (39). 
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